Introduction
Sacubitril/valsartan (sac/val) is an angiotensin receptor-neprilysin inhibitor (ARNI) indicated for adults with symptomatic heart failure (HF) with reduced ejection fraction (HFrEF).
1 Sac/val has in January 2016. 4 The European Society of Cardiology included sac/val in the 2016 update of the guidelines for the diagnosis and treatment of acute and chronic HF with a class IB recommendation as replacement for ACEI treatment in ambulatory patients with HFrEF who remain symptomatic despite therapy with an ACEI, a beta-blocker (BB) and a mineralocorticoid receptor antagonist (MRA). 5 In a recent study of electronic medical records from Germany, we found that the majority of patients treated under real-world conditions were not prescribed the recommended target sac/val dose of 200 mg twice daily (b.i.d.). 6 This is in line with a previous report demonstrating under-dosing of HF disease-modifying medication. 7 Factors related to treatment that influence patient outcomes in the real world include patient compliance (sometimes referred to as adherence), which describes the extent to which a patient takes a medicine in accordance with the prescribed interval and dosing regimen; and persistence, which refers to the duration of time from initiation to discontinuation of therapy. 8 Many studies have reported poor compliance and persistence with chronic therapies, indicating a clear unmet need to improve compliance and persistence levels. 9 Better compliance and persistence have been shown to improve outcomes in patients with HF, 10, 11 and practitioners may be reassured when prescribing medications that are shown to be associated with high compliance and persistence.
We aimed to analyse the implementation, frequency and dynamics of up-and down-titration, compliance and persistence of sac/val in real-world clinical practice in Germany using a large pharmacy database. Additionally, concomitant use of other disease-modifying therapies [e.g. renin-angiotensin-aldosterone system (RAAS) inhibitors, BBs and MRAs] and symptomatic therapy (diuretics) was analysed in the pre-and post-index periods relative to initiation of sac/val.
Methods

Study design
This was a retrospective cohort study of adult patients (aged ≥ 18 years) identified in the IMS ® longitudinal prescriptions (LRx) database in Germany who were dispensed sac/val from January 2016 to June 2017.
Database
The IMS ® LRx captures anonymied patient-level data on all dispensed prescriptions from retail pharmacies. The database covers approximately 60% of all reimbursed prescriptions from statutory health insured patients in Germany, and its suitability for research purposes has been demonstrated. 12 While the database covers 90% of prescriptions in Southern Germany, the coverage in the North is only 10-20%, which is explained by the lack of some pharmacy data collection centres (e.g. the northern collection centre NARZ). Key information collected includes age, sex, date of dispensation, dispensed molecule/brand [cardiovascular (CV) and non-CV medication], sac/val dose (50, 100 and 200 mg b.i.d.), pack size and prescriber specialty (general practice, cardiology and other). The collected data cover all Anatomical Therapeutic Chemical (ATC) codes (online supplementary 
Study population
The index date was defined as the date of the patient's first recorded sac/val dispensation. Subsets of patients were identified to perform the analyses (online supplementary Figure S1 ) and are described below.
Data analyses
Version 9.4 of the SAS statistical software (SAS Institute Inc., Cary, NC, USA) was used for all data extractions, manipulations and analyses. For each continuous variable, the number of patients or prescriptions, mean and standard deviation (SD) were summarised; categorical variables were described using frequencies and percentages. Differences between cohorts were deemed statistically significant if the P-value was < 0.05.
Sacubitril/valsartan titration and treatment patterns
Sac/val dose and titration patterns were analysed during the 6 months after index in patients with an index date from January 2016 to December 2016, an observation time of at least 12 months before the index date, at least 12 months of pre-index activity (defined as at least one prescription of any ATC code every 6 months) and a minimum of 6 months post-index activity. Key outcomes included maximum individual dose reached, time to first dose up-titration and time to target dose. Titration patterns were evaluated longitudinally at the patient level: 'up-titration' corresponds to all patients who experienced an initial increase in sac/val dose post-index, whereas 'stable up-titration' corresponds to up-titrated patients who experienced no subsequent decrease in sac/val dose. Likewise, 'down-titration' corresponds to all patients who experienced an initial dose decrease in sac/val dose post-index, whereas 'stable down-titration' corresponds to the proportion of down-titrated patients who experienced no subsequent up-titration. All parameters were stratified by sac/val index dose and prescriber specialty. Titration patterns were also evaluated based on the 12-month pre-index use of ACEI/ARBs, for which patients were stratified as RAAS-naïve patients (no ACEI or ARB use observed), low dose (< 50% ACEI target dose), medium dose (≥ 50% ACEI target dose < 100%) and ACEI 100% target dose.
Sacubitril/valsartan persistence and compliance
Persistence up to 12 months post-index was assessed in patients with an index date from January 2016 to June 2017 and at least 12 months of pre-index activity. No post-index activity was required. Persistence was assessed using the permissible gap 8 and Kaplan-Meier methods, 13 allowing for a maximum gap of 90 days between the end of the last day's supply and the next refill. In the analyses, treatment discontinuation was considered as a failure event, and censoring was applied at the end of the study period or after more than 90 days without any prescription activity for any ATC code. The number of days' supply was calculated as dispensed pack size divided by two (assuming that sac/val was prescribed to be taken b.i.d. in line with the approved posology). A multivariate Cox regression model was applied to assess the association between patient characteristics and non-persistence using hazard ratios, adjusted for prescriber specialty, sex, age, sac/val dose at index and previous CV and non-CV medication use, and associated 95% confidence intervals.
Compliance in the 12 months post-index was analysed in a cohort with an index date from January 2016 to December 2016, with at least 12 months of pre-index activity and evidence of 12 months of post-index activity (defined as at least one sac/val prescription in the first 6 months post-index and another during 7-12 months post-index). Compliance was defined as the proportion of days covered (PDC), calculated as the total days' supply of medication divided by the length of the treatment period, with overlapping days' supply removed.
Concomitant medication
Concomitant medication was analysed in a cohort with an index date from January 2016 to December 2016, at least 12 months pre-index activity and at least one sac/val prescription within 6 months post-index. Oral diuretic usage was evaluated during the 6 months pre-and post-index and calculated as daily diuretic dose using the dose of the four most frequently prescribed oral diuretics (furosemide, torasemide, hydrochlorothiazide, and xipamide). Usage was normalised per substance to the defined daily dose (DDD) according to the World Health Organisation definition and calculated as dispensed DDD divided by the number of days until the next prescription.
14 Pre-and post-index doses were compared in patients who had records of pre-index diuretic prescriptions; the absence of a diuretic dose post-index was defined as a dose of zero for calculation purposes. For ease of interpretation, DDD was transformed into the equivalent dose of furosemide.
Ethical standards
Only aggregated, anonymised patient data were used in these analyses. This study was performed in accordance with the guidelines for Good Practice of Secondary Data Analysis.
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Results
Baseline patient demographics and characteristics
A total of 26 191 patients received their first recorded prescription of sac/val between January 2016 and June 2017, equating to 127 803 sac/val prescriptions. General practitioners (GPs) and cardiologists accounted for approximately 78% and 17% of prescriptions, respectively. Among patients with a minimum of 12 months of pre-index activity and 6 months of post-index activity (n = 12 082), the first sac/val prescription in the database was issued by GPs for 68% of patients, compared with 25% by cardiologists and 6% by physicians in other specialties. Nearly one-third (30%) of the 10 762 patients who received more than one prescription of sac/val received the prescriptions from different prescriber specialties over time. Of those who received their first prescription from a GP, 85% also received all subsequent sac/val prescriptions from a GP (online supplementary Table S2 ).
Patients receiving their first sac/val prescription from GPs tended to be older [mean age (SD) of 72. 8 (11.8) Table 1 ). The most frequently prescribed non-CV drugs were gout treatments, glucose-lowering drugs and treatments for chronic obstructive pulmonary disease (35.5%, 34.8% and 29.6%, respectively; Table 1 ).
A total of 73.5% of patients were prescribed a loop diuretic during the 12 months pre-index; 14.4% of all patients were prescribed a thiazide, and 9.6% were prescribed both a loop diuretic and a thiazide on the same day ( Table 1 ).
Sacubitril/valsartan treatment patterns during the first 6 months post-index
Of the 12 082 patients with 12 months of pre-index activity and a minimum of 6 months of follow-up, 64% were prescribed a first observed sac/val dose of 50 mg b.i.d., 32% were prescribed 100 mg b.i.d. and 4% were prescribed 200 mg b.i.d. (Figure 1 ).
Of the patients prescribed 50 mg b.i.d. or 100 mg b.i.d. at index, more than 80% of those who were up-titrated were able to maintain a stable higher dose in the first 6 months post-index ( Figure 1 ). Only 10% of patients prescribed a dose of 200 mg b.i.d. at index were down-titrated to a stable lower dose. Overall, 62% of patients had no change in their sac/val dose during the 6 months of follow-up.
The mean (SD) time to first up-titration was 54 (44) days, while the mean time to reach the target dose varied from 79 (44) days to 57 (47) days for patients on 50 mg b.i.d. and 100 mg b.i.d. at index, respectively (P < 0.001; data not shown). No notable differences in the time to first titration were observed across specialties at index.
During the 6-month post-index period, 26% of patients receiving their first prescription from a cardiologist were prescribed the target dose of 200 mg b.i.d., compared with 19% of patients with GP prescribers and 20% with prescribers in other specialties at index (P < 0.001; Table 2 ). From the 7609 eligible patients who were using ACEI in the pre-index period or who were RAAS-naïve, only 21% were prescribed the ACEI target dose. Among pre-index RAAS-naïve and low-dose ACEI patients, around 72% to 74% were initiated on sac/val 50 mg b.i.d. compared to 65% of patients on pre-index ACEI target dose. The proportion of patients with sac/val 50 mg b.i.d. dose at index decreased with the increasing ACEI dose strata at baseline, whereas the proportion of patients prescribed the sac/val target dose (200 mg b.i.d.) during the first 6 months increased from 15% to 27% (P < 0.001) from low to target pre-index ACEI dose patients.
Patients on the pre-index target ACEI dose presented slightly higher rates of down-titration following up-titration to target dose compared to patients with low pre-index ACEI doses (90% vs. 84%) and similar to that observed in RAAS-naïve patients (89%). Patients who were on the pre-index ACEI target dose had a marginally shorter time to the first sac/val dose titration, and time to individual maximum dose compared to those with low 
Persistence and compliance analyses
Among the 22 275 patients with 12 months of pre-index activity, sac/val persistence at 12 months was estimated to be 71% (Figure 2 ). In the majority of cases where discontinuation of sac/val therapy was observed, this happened within the first . A multivariate analysis revealed that patients who were younger than 75 years, male, received an initial sac/val dose of 100 mg b.i.d., and used ACEI, ARB, BB, MRA, lipid-lowering drugs, oral diuretics or novel oral anticoagulants in the 12 months pre-index, had a significantly lower risk of therapy discontinuation (online supplementary Table S4) .
Among the 8226 patients with a record of 12 months of pre-and post-index activity, high compliance with sac/val (PDC Among RAAS-naïve patients the mean compliance was estimated to be 77.2%, which is significantly lower than compliance in non-naïve patients (81.4%) (P < 0.001).
. 
Concomitant medication
Among the cohort of 10 566 patients eligible for analyses of concomitant medication, use of BBs in patients first prescribed sac/val by GPs and cardiologists was 84% and 86%, respectively (P = 0.027), in the 6 months post-index, whereas MRA use was lower in patients prescribed sac/val by GPs than cardiologists (54% vs. 63%; P < 0.001; data not shown). Similarly, the use of these drug classes in the 12 month pre-index period was comparable between patients prescribed sac/val by GPs and cardiologists (BBs, 89% vs. 92%, P < 0.001; MRAs, 61% vs. 72%, P < 0.001; Table 1 ).
The majority of patients (77%) were prescribed an oral diuretic during the 6-month pre-index period compared with 73% in the 6-month post-index period (P < 0.001; data not shown). A diuretic was prescribed in both the pre-and post-index periods for 64% of all patients, while 12% discontinued and 9% started diuretics post-index. The post-index daily diuretic dose was 50% higher in patients prescribed sac/val by GPs than those prescribed sac/val by cardiologists (P < 0.001).
In the entire sac/val cohort, the mean furosemide equivalent dose was reduced by 25% from 218 mg during the 6 months preindex to 163 mg in the 6 months post-index (P < 0.001). The daily diuretic dose decreased from pre-to post-index by 48 mg (−26%) in patients stably up-titrated on sac/val (P < 0.001), decreased by 35 mg (−14%) in those who were stably down-titrated on sac/val (P = 0.003) and decreased by 67 mg (−28%) in patients who were neither up-nor down-titrated (P < 0.001) (Figure 4 ).
Discussion
Our study has five main findings: (i) two-thirds of patients prescribed sac/val in Germany are initially prescribed the lowest dose of sac/val; (ii) almost two-thirds (62%) of all patients stay on their initial dose in the 6 months post-index, while over 80% of patients who are up-titrated stay on the higher dose; (iii) on average, across all doses the estimated persistence and compliance with sac/val at 12 months was high (71% and > 80%, respectively); (iv) while other HF drug classes are used stably pre-and post-initiation of sac/val, symptomatic diuretic treatment is reduced irrespective of prescribed sac/val dose; and (v) patients receiving their first sac/val prescription from a cardiologist are more likely to receive the target dose of 200 mg b.i.d. within 6 months after index than patients receiving a first prescription from a GP or other prescriber specialty. 
Baseline patient demographics and characteristics
Our findings support those recently observed in a study of another German database, which showed that patients prescribed sac/val in the real world are often older and more likely to be female than patients enrolled in the pivotal PARADIGM-HF trial [in which the mean age (SD) of patients was 64 (12) years; 21% were female]. 3, 6 Prior use of disease-modifying HF medication in patients prescribed sac/val was high, suggesting that sac/val may be preferentially used in patients who have received optimal therapy but remain symptomatic, as recommended by current guidelines. Only 6% of patients with a sac/val prescription were RAAS-naïve, suggesting that these patients may have been newly diagnosed (which is likely considering the population definition for this analysis).
Sacubitril/valsartan treatment patterns during the first 6 months post-index
Good adherence to treatment and dosing guidelines by physicians when prescribing HF medications has been associated with better clinical outcomes. 10 However, almost two-thirds (64%) of the patients analysed in the current study were initially prescribed a sac/val dose of 50 mg b.i. 19 This gap in percentage of patients reaching target dose of sac/val under study conditions as compared to real-world data requires further study. However, the main explanation is that up-titration is just not attempted rather than higher dosages are not tolerated.
Additionally, only marginal differences in sac/val titration patterns were observed across patients on prior ACEI vs RAAS-naïve patients; overall, approximately half of the patients were prescribed sac/val doses of 100 or 200 mg b.i.d. during the first 6 months. Similar findings have been encountered in the TITRATION randomised controlled trial where no notable differences between up-titration regimens in the proportion achieving and maintaining the target dose over the entire study period were observed among RAAS-naïve patients.
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The reasons why patients in the real world are initiated on lower doses and are less often up-titrated are unknown. Co-morbidities (e.g. renal impairment) and side effects of sac/val (e.g. hypotension, hypercalcemia and dizziness) may occur more often in older Figure 4 Oral diuretic furosemide equivalent doses during the 6 months pre-vs. the 6 months post-index in the full sacubitril/valsartan (sac/val) cohort, stratified by sac/val titration patterns. 'Stable up-titration' corresponds to patients who initially up-titrated and experienced no subsequent decrease in sac/val dose; 'stable down-titration' corresponds to patients who initially down-titrated and experienced no subsequent increase in sac/val dose. Mean daily furosemide equivalent doses have been rounded using values to zero decimal places. patients than younger patients, which may discourage physicians from up-titrating. This theory is supported by the predictors of persistence we identified (e.g. younger age and male sex), but cannot fully explain the difference between the recommended and real-world doses of sac/val. The fact that most patients in this study were able to tolerate up-titration may be an indication that sac/val can be well tolerated at higher doses and that the use of 50 mg b.i.d. as a first dose may be an unnecessary precautionary measure. This is a common observation for the early adoption period of other HF drugs. 20, 21 A study of patients with chronic HF receiving ACEIs and ARBs has similarly shown that only 29% and 24% of patients were receiving the target dose of ACEIs and ARBs, respectively. 7 These findings imply that the lack of up-titration of sac/val is not a drug-specific phenomenon, and rather may be inherent to prescription of any RAAS inhibitor therapy. A multivariable regression model performed on data from the PARADIGM-HF study identified significant predictors of dose reduction, including (but not limited to) increased serum creatinine, N-terminal pro B-type natriuretic peptide levels and heart rate, older age and lower systolic blood pressure. 22 Overall, sac/val initiation and titration patterns identified in the German IMS ® LRx database are very similar to those observed by other real-world studies of German patients with HF. 6, 18 These findings support the idea that clinician inertia in up-titration of HF medication still exists, which has also been observed in studies of other HF medications. 7 Identifying reasons for clinician inertia is necessary, and educational efforts regarding the benefit of up-titrating need to be reinforced.
Persistence and compliance analysis
Sac/val persistence (71%) and compliance (PDC > 80%) at 12 months post-index were found to be high and in line with those observed in other real-world studies. 26, 27 Persistence and compliance were shown to be higher in patients who were prescribed higher initial doses of sac/val than those patients who were prescribed an initial sac/val dose of 50 mg b.i.d. Additionally, compliance was slightly lower in RAAS-naïve patients (77.2%), which could be potentially explained by the fact that these patients may be de novo patients. The absence of clinical data meant we were unable to further investigate reasons for the association between sac/val dosing and compliance and persistence. However, it is encouraging that lower compliance and higher rates of treatment dropout were not observed in this real-world population, which may have been the case had many patients that experienced tolerability issues with the target dose. These data support the initiation of patients on to higher doses of sac/val if possible, particularly because higher persistence and compliance are associated with improved patient outcomes.
Concomitant medication
Patients who were up-titrated on sac/val tended to be prescribed lower daily diuretic doses post-index than those who were down-titrated on sac/val. This has been reported in other observational cohorts, 28 and may suggest a small diuretic effect of sac/val or reflect the reduction in HF symptoms by sac/val, which allows a lowering of diuretic dose. Additionally, an analysis of the PARADIGM-HF study cohort also indicated that patients receiving sac/val were more likely to experience a diuretic dose reduction than patients receiving enalapril. 29 Although diuretics may resolve the signs and symptoms of HF, they have no prognostic benefit in HF, 5 but increasing doses of diuretics can promote kidney injury and renal impairment, which are associated with increased mortality. In the PARADIGM-HF study, renal impairment was less frequent with sac/val than with enalapril, and the reduction in diuretic dose may be one potential explanation for this finding.
Study strengths and limitations
The large sample size of patient-level, pharmacy data in the IMS ® LRx database allows for unbiased and representative characterization of the real-world use of sac/val in Germany, capturing 60% of statutory health-insured dispensed prescriptions (approximately 90% of all patients in Germany are statutory health insured). Additionally, the fact that the database collects pharmacy dispensing data ensures that unclaimed prescriptions are eliminated from the data set, which is not true for studies using electronic medical record data (which may not account for therapies that do not reach the patient). The limitations associated with this study include those inherent to secondary use of data. 30 Further limitations include a lack of diagnosis recording and clinical parameters, co-morbidities, ejection fraction, laboratory data, symptoms (e.g. New York Heart Association class), lack of hospitalisation data (including drugs administered or prescribed in a hospital setting), the incomplete coverage of all pharmacies in Germany and lack of continuous enrolment. Consecutively, we were not able to identify the total number of patients potentially eligible for sac/val in Germany neither to stratify patients by clinical subgroups. A small proportion of patients (4%) were prescribed the target dose of sac/val of 200 mg b.i.d. at index, which is not recommended as the starting dose in the product label.
1 As dispensations of sac/val from hospital pharmacies and from pharmacies beyond the scope of the German IMS ® LRx database are not captured, there is a possibility that these patients may have received an initial, lower sac/val dose (e.g. 100 mg b.i.d.) in a hospital setting and were then up-titrated after hospital discharge by a primary care physician. The implementation of an activity requirement (i.e. a minimum number of any ATC code and/or sac/val prescriptions) during a pre-specified time frame prior to index was implemented to reduce 'misclassified first prescriptions' and overcome the lack of continuous enrolment. The label for sac/val also confines use of sac/val to patients with HFrEF; however, owing to the lack of echocardiographic data, this could not be confirmed. Additionally, information on the prescribed dose frequency is not captured within the database. These analyses therefore assumed that sac/val was prescribed to be taken twice daily according to the approved posology.
Conclusion
To conclude, in this large real-world cohort study, two-thirds of patients on sac/val received the lowest dose of 50 mg b.i.d. at index and attempts to up-titrate the dose were made in only 41% of these patients during the following 6 months. Persistence and compliance at 12 months post-index were high, and symptomatic diuretic treatment was reduced following sac/val index, irrespective of sac/val dose prescribed. Barriers to up-titration must be further explored, and educational efforts to promote up-titration must be intensified.
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